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Abstract

The paper describes a simple method developed 1o use
and combine subsystem or asse mbly level accelerated
test results with the system level test results to estimate
achicved overall systein reliability.

The time schedules for product delivery usually do not
allow adequale test duration for system reliability
asscssment or demonstration with a desirable degrec of
confidence. Also, the complexity of failure isolation
and diagnosis at the system level, along with the
implementation  of  corrective action can be an
additional causce of undesirable delays and schedule
slips. With the assembly and subsysicm level
accelerated testing and reliability asscssment, a special

attention can be devoted to those assemblics/s ubsysicms
identified 10 need additional test time and the reliability
and quality improvement, Tesling at the integrated
system level can then address system level problems
usually causcd by integration or interaction of the
subsystems, as well as to the interface problcs.

To reduce the test duration, test acceleration is usually
applicd. In addition 10 the li mited available system test
time, there is the issue of appropriate test acceleration
for a system. This issue can become very important in
casc of complex systems. Diffcrent subsystems or
assemblics usually have diflerent critical failure modes
and di fTerent failure mechanisms. Thie proper type of
test acceleration applied is the one thatis related to the
specific failurc mechanism, i. ¢, thermal, electrical,
dynamic, cte.  Adcquate test acceleration can be
determined with more accuracy for asscinblics of
smaller size (o minimize over-s[rcss or under-stress of
individual components or groups of components,
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1.() introduction

The need for an improved, yet time clficient method of
asscssing system reliabili ty is based on the recog nition
that onc of the major constraints of most programs is the
length oft ime allowed for reliability assurance testing of
the completed/assembled system. In addition to the
usually frantic  dclivery  schedules, launch  date
deadlines, a very imporla nt faclor, cost of testing, cannot
be neglected when having in mind the limited funds of
the fixed price contracts. Rather than for cxiensive
duration of opcrational and rcliability testing the
resources can be devoted 1 0 the higher technology

‘development,



The method of combining the asscmbly, subsystem,
and system level test results allows assessment of the
system reliability wit h considerable cost and time
saving,

For rcliability  demonstration, usually  through
reliability improvemen Ugrowth testi ng, the available
test time is usually not sufficient. Thus the test
acccleration becor nes a very important and requir cd
factor when planning the test program. Di fferent
assemblics  have  different  predominant  failure
mecchanisms  and  di fferent  acceleration  factors,
thercfore, there is not one kind of test acceleration that
ca n be applied to the integrated spacecraft system, The
nced for testing of assemblics or at the most
subsyslems separately then becomes obvious. Scparate
testing of assemblies and/or subsystems then points to
anced 10 cvaluate the results and combine information
with

When a test acceleration is required, the most
frequently encountered stumbling point has always
been the mcans of fest aceeleration, Inmany cases in
industry and literaturce test acceleration was clone by
increase in test ambicnt temperature. This mcthod,
relatively  adequate when  the  primary  failure
mechanism IS thermal  stress,  obviously is not
universal, and otl ier acceleration methods must be
applied dependent on failure mechanisms. Also, even
when the thermal stress is the primary failure cause, is
very hard (o estimate a common activat ion cncrgy for
all components in a system, Approximation may lcad
in considerable errors in determination of the test
duration, as some components would be over-slresscci,
while others may be under-tested. Breaking up the
system in subsystems and assemblies if not offering a
solution, may (o somc degree reduce the acceleration
)101)1CIILS.

The method presented in this paper, although bascd on
well  known  and  cstablished reliabi lily  festing
techniques, offers amcans for more accurate test
acceleration that accounts for changing failure rates,
as well as the method for asscssinent of system
reliability basced on subsystems test data,

2.0 Test Acceleration
Test acceleration depends on the failure mode-failure

distribution models, and fox complex syst ms is very
difficult 10 obtain.  To simplify ftest  duration

calculations, itis oftcn practiced to address a limited
number of predominant failure modcs and thus address
a relatively simple multivariate relationship. Reference 1
gives an extensive explanation of various acceleration
models. Since the two basic methods for reliability
growth assume constant failure rate within a test
interval, that is, the Poisson  P1 ocess, the test
acccleration is bascd on multiple failure modes -
Exponentiat  distribution  (non-homogencous  Poisson
distribution). In an idcalized example where the thermal
failure modce is predominant for an asscmbly, and the
componcnt activation chergics are siiilar and can be
assumed  cqual, the Arrhicnius test acceleration in
1 cl iability g1 owth process can be written for the two
models:

‘Lable 1.Thermal  celeration in Reliability Growth
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1> = accclerated test duration

= initially calculated test duration

1 = activation encrgy (V)

k =Boltznan’s constant = 8.62E-5 eV/K
Ty = normal test temperature

‘1’,= clevated test temperature,

Similarly the power-cxponential relationship, when the
powcer applied (V) i s a factor influencing the
characteristic life, is expressed as:

AWV): e V?

Where the assuined constant failure rate is a function of
applicd power, and @ and b arc constant dependent on
component (@) and the test method (b).

ible I1.Power Ac ation in Reliability Growth
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Where:

Vi and V, = normal and accclerated (incrcased) powet
stress, respectively.

Itis apparent that it is not desirable 1o increase any of
the stresses considerably during the reliabil ity grow(h
testing, as this type of tests assuies replication of the
mission  cnvironment,  Moderate  increase  in
appropriate stress will, however result in considerable
test lime saving,

With the liclp of a thorough circuit analysis, it is
possible 10 adjust the appropriate stresses insuch a
way thatthe test acceleration is the same for the
majority of the crucial components. This simplifies the
test  operations  and  the  resultant  rcliability
calculations.

3,0 MinimumOperational Test Duration

The operational test duration was calculated for a
spacccrall, however, all assumptions can bc applicd in
its original form or modificd to any other device under
reliability growth lest,

3.1 Assumptions

Mission duration: Approximately 3 years. The
mission duration docs not affect the duration of the
test time, as the mission reliability is provided for by
the design,

S/C design and construction:  Similar to Earth Orbiter
s/ic

Reliability improvement: Per the rule which is widely
accepted in industry for newly developed or for newly
produced item, it is assumed that the beginning failure
rate is equal to tcntimes the desired mission failure
rate at the time of launch.

Test Failure Correction: — Aggressive, and if possible
industry recommended average reliability growth rate
of o= ().5. Implies well organize.(i anti intensive
Failure Reporting and Corrective Action System,

Test failure modes:
Random failurcs

Design, Workmanship, and

'S/C Configuration: Cross-strapped at th e subsystcin

Ievel

Scored failures; Critical at the subsystem level. One
failurce fatal ta the subsystem

Component “Random” Failures:  Corrected by pant
improvement (higher quality part, higher rated part), or
design improvement, Replacement of the failed part
with a ncw, identical part dots not guarantee that the
replacement part will not also fail within the short time
period.

Multiple Induced Failures:  Only the first, originating
failure is scored. Correction of the original failure
carrects the problem,

Spacecraft Failure Rate:  The spacecralt failure rate
was detetnined to decs case for clectronic assembl its,
and is rclatively constant for the mechanical assemblics
that are a par ( of propulsion systcm, In previous study it
was determined that the spacecraft clectronics failure
ratc follows Weibull distribution, This failurc rate
app] ics 10 the spacecraft and spacecraft assembl ics when

-configuration is such that all components arc in series.

A reliability maodel is derived in the past yecars to apply
Mt .-HDBK-2 17-predicted constant failure rate, anti to
obtain realistic reliability predictions.

An example of applications of the new model is in
Figure 1,
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Figure 1 Single String Magellan Predicted Reliability
vs. Flight Expericnce.
Assumed Shape Parameter f3 = 0. 5



3.2 Design and “Random” Failures

The title of this section implied design improvement
cvenrin the case of a part failure (usc of a better m
higher rated past, change in design),

Spacccraft electronics reliability is:
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Spacceraft propulsion reliability is:
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A = MI ~HDBK-2 17-predicted  failure  rate  for
clectronics,
Ap = MIUL-HDBK-217 -predicted  failure  rat ¢ for
propulsion,
Ty - miission duration
8 = shape parameter of the new spacecrafl
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Ao MITAINIIK-217-Prcdic[cd failure rate for a
refer ence, known, spacccraft

o = Characteristic life of the reference S/C

flo = Weibull shape Parameter of the reference
spaceerall.

T'he Weibull deercase in failure rate is not pronounced
during ftest time, as the test time i s relatively short
when compared with the mission time. For this reason,
the natural decrease in the spacecraft failure rate will
beneglected inthe rationale for the testduration.

The goal of the accelerated test is 1o achieve the
average failure rate that the spacecraft must have in
the beginning, of flight if it is to achicve the desired
mission reliability. This beginning average failure rate
is:
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I used Duanc reliability growth modcl, the goal mean
time I)c[N’cell failures must be equal to the reciprocal of
the AFR,
o
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The reliability growth test duration is then calculated as:
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where:
o = growth rate,

'ty =time of the beginning, of test

Ty = test time duration, non-accelerated for the design
failures (originally “random™).

Forthe propulsion subsysiem, the test duration is found
from:
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3.3 WorkmanshipFailures

As there arc normally 10 subsystems in a redundant
spacceraflt withaminimum of 5 operational subsysterns,
the maximum number of failures that could be tolerated
isr= b5,

Assuming that the workmanship failures are Poisson-
disttibuted, the spacccraft failure rate regarding
workmanship failures is calculated from:
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If probability of occurrence of five failures is set low, the
spaccecrafl  “constant”  failure rate regarding  the
workmanship failurcs is calculated from:

D% y) = 0.084
oy s 1142 007



The ratio of probability of occurrence and the
workmanship failure rate is shown in Figurce 2.
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Figure 2 .. Probability of maximum workmanship
failure occurrence as a function of the failure rate.

4.0 Calculated Test Duration

The test duration is calculated based on the
assumption that the desired reliability improvement
through climination of design and workmanship
problems is such that the final reliability (lime to a
possible failure) is ten times the time to afailure at the
beginning of test. This approach has been widely used
in the Industry during the past J O ycars and has the
following mcaning:;

+ Requited reliability of the product is
provided by the design (fault protection,
redundancy, part quality, derating, etc. ).
The designed reliability, however, i S
normally compromised by the unnoticed
design  crrors  (choice of parls, un-
predicted  stress, or  other  causcs),
compatibility crrors, and workmanship,
or mamufacturing process crrors. As
widcly experienced by the industry, when
the product is not a totally new design,
and wlicn the quality of the design and
maunufacturing processes is high, the new
product failure ratc will be approximately
ten limes the designed or desired failure
rate. This mcans that the time 10 a

critical failurc at the beginning of test of a
newly manufactured product will
approximately be ten times shorter than the
desired timne to a critical failure.

The calculated test duration with the appropriate test
acceleration is givenin ‘vable 11,

Tablc] 11, Opcerational Test Duration

Onc  subsystem, a | Design < | 500

Hem Failure Type | Test
Duration
(hours)

gioup of subsystems,
or a single string SK,
Note 1.

Workmanshi
e
Random.
S Note 3.
Integrated System i f| Workmanshi | 200
intcgration done after | p
subsystem testing
completed.Note 2

Design

Tot al Test Time Worst Case. | 700
Notc 4
Normal, 500
Notc 4

Note 1, ‘1 ‘he total test 1ime needed for cach subsystems
individual or intcgrated together is 500 hours. This lest

gdime can be accumulated during various cnginceri ng

cvaluation or cnvironmental tests.

Note 2. The additional test time at the integrated system
level is needed to improve the systen reliability
regarding workmanship or design (compatibility) defcots
that could be introduced during the integration or be a
result of the subsystem interaction,

Note 3. Corsection of random failures assumes systcm
improvement (i, ¢. abetter quality or higher rated
component, design improvement, fault  protection).
Replacement of the failed component dots not guarantee
climination of a future failure of the same component.

Note 4, If the S/C system is integrated afler the
complction of accu mulated 500 hours test of individual
subsystems or subsystem groups, then the additional



systemn level testing of 200 hours i s nceded to
climinate possible design/comp atibility or newly
infroduced workimanship problems. If the integration
is done at the latest aficr 300 hours were accumulated
on the subsysiems, then there is no need for the
additional systcm level testing, The total time needed
for opcrational testing is 500 hours, resulting in cost
savings,

Vor cost savi rigs, amorc aggressive failure
investigation and tori cclive action pr ocess can be
organized, achicving an industry high rcliability
growth rate of o = 0.65, or a higher test acecleration,

To determing the test duration that is going to be
applied in a program or to adjust the cfficiency of the
failurc corrective aclion sysiem, it is nccessary 10
corrcetly record all the scorcable failures andevaluate
rcliability growth using a (Duanc) simple graphical
reliability growth method.

5.() Couclusions

A carefully designed reliability growth program can be
exceuted a1 the subsystem level, and the experience
can bc applied towards the li mited ti me sysicm Jevel
tests. This process facilitates failure diagnosis, and
also can be initiated long before the syster n i s
integrated.
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